Left renal vein transposition for nutcracker syndrome  by Reed, Nanette R. et al.
From the Peripheral Vascular Surgery Society
Left renal vein transposition for nutcracker
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Objective: Nutcracker syndrome, caused by compression of the left renal vein (LRV) between the superior mesenteric
artery and the aorta, results in left renal and gonadal venous hypertension. Several treatment options have been described
to relieve associated symptoms. The purpose of this study was to evaluate late results of LRV transposition and identify
risk factors affecting outcomes.
Methods: Clinical data from 23 consecutive patients diagnosed with nutcracker syndrome from January 1996 to October
2007 were retrospectively reviewed.
Results: There were 10 males and 13 females (median age 22 years; range, 14-67) with radiologic evidence of LRV
compression. On ultrasound evaluation (15/23 patients), the mean ratio of LRV peak systolic velocity measured at the
site of compression and the renal hilum was 7.3 (range, 2.5-12). On venography (14/23 patients), the mean renocaval
pressure gradient was 4 mm Hg (range, 2-6 mm Hg). Twelve patients with atypical abdominal pain (n  4), hematuria
(n  5), and varicocele (n  6) were managed expectantly. Eleven patients underwent LRV transposition through a
transperitoneal exposure. Symptoms in these patients included left flank pain (n 10), hematuria (n 7), and varicocele
(n  3). In 2/11 patients, the LRV was found to be occluded at operation. There were no early postoperative
complications. Most conservatively managed patients remained stable or improved over a mean follow-up period of 26
months (range, 0.2-59 months). Two patients were lost to follow-up at our institution and ultimately underwent
intervention with LRV stenting and autotransplantation elsewhere. One patient was diagnosed with thin basement
membrane disease on renal biopsy. Five patients with varicocele remained asymptomatic; 1 underwent local repair. Over
a mean follow-up of 39 months (range, 0.13-144 months) in surgically managed patients, symptoms of flank pain and
hematuria resolved or improved in 8/10 and 7/7, respectively. Varicoceles recurred in 2/3 patients in spite of resolution
of flank pain. Both preoperatively occluded LRVs rethrombosed; one underwent thrombolysis with stenting, the other
reimplantation of the left gonadal vein into the IVC.
Conclusion: Evaluation of the clinical significance of radiologic LRV compression remains challenging, as does selection
of patients for intervention. LRV transposition is a safe, effective procedure in selected patients with persistent, severe
symptoms. Patients with progression to occlusion of the LRV should be considered for alternative therapeutic
procedures. Varicoceles, in the setting of nutcracker syndrome, may need independent repair. ( J Vasc Surg 2009;49:
386-94.)Compression of the left renal vein (LRV) between the
superior mesenteric artery (SMA) and the aorta was first
described by Grant in 1937 who found the anatomy anal-
ogous to a nut in a nutcracker.1 The first patient with
nutcracker syndrome (NCS) was described in 1950,2 al-
though the compression was documented by venography
only two decades later.3 An asthenic body habitus with
paucity of retroperitoneal fat is postulated to result in LRV
compression by narrowing the aortomesenteric angle
and/or stretching the LRV secondary to ptosis of the
kidney.
Compression of the LRV leads to venous hypertension
and development of varices in the renal pelvis with resultant
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386hematuria and flank pain. The mechanism of hematuria is
most likely rupture of the thin walled septum separating the
veins from the urinary collecting system due to the renal
venous hypertension. Other reported symptoms include
left flank pain, left sided varicocele in males, pelvic conges-
tion syndrome in females, orthostatic proteinuria, and
chronic fatigue. Diagnosis is difficult, often delayed, and
made only after ruling out all other causes of hematuria and
flank pain. It is established by a combination of cystoscopy,
ultrasonography, computerized tomography (CT), and
venography.4,5
A number of operative and endovascular procedures
have been described to treat the often incapacitating symp-
toms in these patients. These include nephropexy, renal/
gonadal venous bypass,6 renal decapsulation,7 external
stenting of the LRV,8 transluminal balloon angioplasty and
stenting,9,10 renal autotransplantation,11 mesoaortic trans-
position,12 and transposition of the LRV.13,14 However,
most communications in the literature consist of case re-
ports and long-term results remain largely unreported. The
purpose of this study was to evaluate long-term results
following LRV transposition and identify factors affecting
anasto
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cal candidates and procedures.
PATIENTS AND METHODS
Data from consecutive patients diagnosed with NCS at
the Mayo Clinic over an 11-year period from 1996 to 2007
were retrospectively reviewed. The diagnosis was made
after demonstrating radiologic evidence of LRV compres-
sion. Data collection included details of clinical, laboratory,
and radiologic evaluation, operative procedure, and (30
days) morbidity. Information regarding long-term clinical
outcome was collected from patient records; telephone
interviews were conducted with patients lacking clinical
follow-up within the last 6 months.
Diagnostic imaging
All patients underwent imaging studies as part of their
clinical evaluation. Fourteen patients underwent venogra-
phy for diagnosis andmeasurement of the pressure gradient
between the LRV and IVC. Ten patients underwent cys-
toscopy as part of the investigation for hematuria. Ultra-
sound evaluation of the LRV was performed in 15 patients,
CT in 13, and magnetic resonance imaging (MRA) in 3.
Surgical procedure
The procedure of choice at our institution has been
transposition of the LRV distally into the IVC.15 The
procedures were performed through a midline (15 cm)
A
Fig 1. A, Diagramatic representation of the nutcracke
(LRV) by the superior mesenteric artery (SMA) at its jun
the peripheral LRV. B, Diagramatic representation of th
orifice and the caudal transposition with an end-to-sidetransperitoneal approach. The small and large bowels werepacked away, and the retroperitoneum was opened in the
midline, inferior to the transversemesocolon. The LRVwas
completely mobilized. The left adrenal vein was routinely
ligated and divided to facilitate this. The gonadal vein was
ligated in three patients with varicocele, and the descending
lumbar vein was ligated selectively, if necessary. The patient
was systemically heparinized, a side-biting clamp was applied
on the IVC across the LRV confluence, and the LRV was
transected with a small cuff of IVC. It was re-anastomosed to
the left lateral aspect of the IVC in a more distal situation in a
tension-free end-to-side manner with continuous or inter-
rupted sutures of 4.0 or 5.0 polypropylene (Figs 1 and 2). The
proximal opening in the IVC was oversewn with continuous
sutures of 4.0 or 5.0 polypropylene.
RESULTS
Twenty three patients (mean age 26 years; range 14-67
years) satisfied radiologic criteria for NCS. Based on char-
acter and severity of symptoms, patients were divided into
two groups: surgical and conservative management. Pa-
tients with severe and classic symptoms were offered oper-
ative intervention; those with mild or atypical symptoms
were managed conservatively and on occasion evaluated
further as dictated by symptomatology.
Surgical treatment
Eleven patients, four males and seven females (mean
age 26 years; range, 16-43 years) underwent LRV transpo-
rome with extrinsic compression of the left renal vein
with the inferior vena cava (IVC), causing dilatation of
onnection of the LRV from the IVC, oversewing of its
mosis with the IVC.B
r synd
ction
e discsition (Table I). Ten of the 11 patients had symptoms of left
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with associated hematuria. Three patients had evidence of
left-sided varicocele. No surgery was performed for isolated
left varicocele. One procedure was performed in a patient
with painless hematuria. In 3 patients, hematuria was local-
ized to the left ureteric orifice on cystoscopy. The peak
systolic velocity (PSV) ratio in the LRV as measured on
duplex ultrasound at the site of compression and the renal
hilum was 2.5 to 10 (mean 6.6). Pressure gradients on
venogram across the site of LRV compression ranged from
2 to 6 mmHg (mean 4 mmHg). Two patients were found
to have organized thrombus in the LRV at the time of
surgery. The thrombosed segment was endophlebecto-
mized (Fig 3). One patient then underwent patch veno-
plasty with a great saphenous vein patch in addition to LRV
transposition. The other patient underwent transposition
of the LRV and was anticoagulated postoperatively. No
other patients received postoperative anticoagulation.
There were no intraoperative or early (30 days) post-
IVC
 SMA 
LRV
A
SMA
LRV
A
A
B
Fig 2. A,Computerized tomography (CT scan) of the a
varicocele of 1 year duration. Extrinsic compression of the
seen on axial image. B, Sagittal view of abdominal CT sc
photograph of LRV transposition. A side-biting clamp
disconnected from the inferior vena cava (IVC) and the o
transposition of the LRV (arrow).operative complications. Three of eleven patients (27%)required reintervention. One patient underwent re-explo-
ration and ligation of lymphatic channels due to chylous
ascites 6 weeks postoperatively. Both patients found to have
thrombosed LRVs intraoperatively developed recurrent
LRV thrombosis at 4 weeks and 4 months postoperatively.
One patient was treated with percutaneous mechanical
thrombolysis and balloon venoplasty with recurrent throm-
bosis 2 weeks later despite therapeutic anticoagulation with
warfarin and Plavix. The LRV was next stented percutane-
ously and remains patent at 13 months with resolution of
symptoms. The second patient underwent reimplantation
of the dilated left gonadal vein into the IVC followed by
anticoagulation. The procedure was complicated by a ret-
roperitoneal hematoma at 1 week postoperatively that was
managed conservatively.
Conservative treatment
Twelve patients, six males and six females (mean age 26
years; range 14-67 years) were evaluated for NCS and were
C
D
en in a 20-year-old male patient with left flank pain and
enal vein (LRV) by the superior mesenteric artery (SMA)
owing LRV compression by the SMA. C, Intraoperative
plied on the IVC across the LRV orifice. The LRV is
oversewn.D, The completed procedure showing caudalbdom
left r
an sh
is ap
rificeultimately managed nonoperatively (Table I). Four patients
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gross hematuria; one, microscopic hematuria. Six patients
had evidence of varicocele or pelvic varicosities; in four, this
was the only symptom. In 5/12 patients, LRV compression
was an incidental finding; found in 1 patient, as part of a
work-up for postural tachycardia syndrome which was
managed medically. The mean PSV ratio (8/12 patients)
was 8.4 (range, 4-12). On venography (4/12 patients), the
mean renocaval pressure gradient was 4mmHg (range, 4-5
mm Hg). Four patients with symptoms of gross hematuria
underwent cystoscopy. One patient was found to have a
renal stone and three patients had no evidence of active
bleeding.
Long-term results
Surgical treatment. Mean follow-up was 70 months
(range 11-149 months). Postoperative imaging performed
in 10/11 patients confirmed patent LRV in all. One patient
had residual elevation of PSV at the LRV-IVC anastomosis
on duplex ultrasound, but remained asymptomatic. Symp-
toms of flank pain resolved or improved in 9/10 patients
with preoperative pain after the postoperative recovery
period; occasional mild recurrent pain was observed over
time in three patients (Table II). One of these patients was
subsequently treated for endometriosis with some improve-
ment in her symptoms. A fourth patient, who underwent
gonadal vein transposition following rethrombosis of a
preoperatively thrombosed LRV, developed recurrent left
flank pain approximately 5 months after surgery. She un-
derwent percutaneous stenting of a stenosed gonadal vein–
IVC anastomosis resulting in resolution of a 5 mm Hg
pressure gradient.
Hematuria resolved in all patients. Two patients had
intermittent hematuria in the early postoperative period
Table I. Patient demographics in 23 patients with
Nutcracker Syndrome
Surgical
management
(n  11)
Conservative
management
(n  12)
Median age (y) 23 (16-43) 18 (14-67)
Male/female 4/7 6/6
Left flank pain 10 3
Hematuria 7 5
Pelvic varicosities/varicocele 3 6
Atypical symptoms 1a 5a
Mean LRV PSV ratio 6.6 (2.5-10)b 8.4 (4-12)b
Mean pressure gradient
LRV/IVC (mm Hg)
4 (2-6)c 4 (4-5)c
PSV, Peak systolic velocity; LRV, left renal vein; IVC, inferior vena cava.
aAtypical symptoms include bilateral flank pain, postural tachycardia, ortho-
static hypotension, painless hematuria, back pain, renal stones, urinary
incontinence, weight loss, vomiting, and diarrhea.
bUltrasounds performed in 7 of 11 surgically managed patients; 8 of 12
conservatively managed patients.
cVenography performed in 10 of 11 surgically managed patients; 4 of 12
conservatively managed patients.which subsequently subsided. One patient, who had imme-diate relief of symptoms postoperatively, suffered a single
episode of gross hematuria following left flank trauma
during a hockey game 5 years postoperatively. Venogram
showed a widely patent anastomosis with persistence of
calyceal collaterals. Cystoscopy revealed calyceal varices
overlying the papilla with no actively bleeding/pulsatile
vessel. The varices were treated with fulguration with no
recurrence of hematuria over the next 5 years (Fig 4).
Two of three patients with preoperative varicoceles had
recurrent, symptomatic varicoceles following LRV transpo-
sition. Both patients had transient improvement in their
varicoceles following surgery. In 1 patient, local religation
of the varicocele was successful. The other patient had
multiply recurrent left varicoceles despite embolization of
the left spermatic vein and surgical attempts at repair. There
was no recurrence of his flank pain.
Conservative treatment. Over a mean follow-up of
26 months (range, 0.2-59), most patients noted improve-
ment or stabilization of symptoms. Four of 12 patients
presented originally with abdominal pain. This resolved
spontaneously in 1 patient with no recurrence over 2 years.
One patient with a constellation of symptoms including
lumbar back pain, episodic pelvic pain, and urinary incon-
tinence, ultimately underwent an exploratory laparoscopy
which was negative for endometriosis. Her pain improved
greatly with physical therapy and pain management tech-
niques. Two patients were lost to follow-up and ultimately
underwent surgical procedures elsewhere. One was early
postoperative following left renal autotransplantation and
unable to comment on symptom resolution on telephone
interview. The second patient underwent LRV stenting
complicated by thrombosis and eventually left nephrec-
tomy with subsequent relief of her pain. Both these patients
had atypical symptoms which included bilateral flank pain
(right worse than left), nephrolithiasis, diarrhea, vomiting,
and weight loss which could not all be explained by LRV
compression alone.
Two patients presented with persistent, painless hematu-
ria of long-standing duration. In one patient, initial cystos-
copy localized bleeding to the left ureteral orifice, however,
repeat cystoscopy showed right ureteral hemorrhage. Renal
biopsy diagnosed thin basement membrane disease, and the
patient was managed medically. The other patient had a
negative cystoscopy. His urologic workup is ongoing, and
renal biopsy is planned prior to any further intervention.
Five of 6 patients with varicocele did not undergo any
further treatment and remain asymptomatic. One patient
underwent ligation and has had no recurrence.
DISCUSSION
The etiology and diagnostic criteria for NCS remain
diverse and definitive diagnosis remains difficult. Wendel
suggested that the asthenic body habitus of these patients
with lack of retroperitoneal fat results in posterior renal
ptosis with stretching of the LRV over the aorta and result-
ant renal venous congestion.16 This may explain why these
patients develop incapacitating symptoms and patients with
incidental LRV ligation do not. Further evidence was pre-
tch ve
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hematuria and a significant decrease in LRV PSV ratios in
children with NCS as they grew and their BMI increased.17
The increase in retroperitoneal fat is postulated to separate
the vascular structures and relieve LRV compression.
Various imaging techniques have been utilized to
quantify LRV compression. Digital subtraction angiogra-
phy, magnetic resonance venography, and computed to-
mography have all been used, each with their limita-
tions.8,18 Arima demonstrated symptomatic compression
of the LRV when the aortomesenteric angle was less than
6-16° compared with 38-56° in controls.19 The reliability
of Duplex ultrasound criteria (anteroposterior [AP] diam-
eter ratio and aortomesenteric and hilar renal vein PSV
ratio) has been variously reported. Kim reported a mean
PSV ratio of 7.9  2.7 in patients with clinical NCS and
2.8  1.5 in asymptomatic controls.20 Cheon further re-
ported a sensitivity of 100% and specificity of 90% to
diagnose NCS when the PSV ratio was greater than 4.7.21
Park et al reported mean PSV ratios of 5.2 2.6 in children
with NCS and 2.6 0.7 in controls. With a cutoff value of
4, they found that 64% of patients with clinical evidence of
NCSmet these criteria. Only 49% of patients had a PSV and
AP diameter ratio greater than 4.22 In our series, 1 patient
had a PSV ratio less than 4. That patient had localized,
debilitating left flank pain and gross hematuria. Venogram
showed a 5 mm Hg pressure gradient, and cystoscopy
localized hematuria to the left ureteral orifice. His symp-
 A
 C
Fig 3. A,Computerized tomography (CT scan) of the a
1 year duration. Atretic and thrombosed left renal vein
superior mesenteric artery (SMA).B, Intraoperative phot
LRV/ inferior vena cava (IVC) pressure gradient was 8 m
LRV with organized thrombus. Inset shows organized
procedure following end-venectomy, saphenous vein patoms resolved completely after surgery.A venous pressure gradient between the LRV and the
IVC during venography was first demonstrated by Beinart
et al,23 and has been considered the “gold standard” for the
diagnosis of LRV compression. They reported pressure
gradients of 0-1 mm Hg in healthy subjects. However,
interpretation of pressure gradients may be fallacious due to
high variability in healthy subjects and overlap in values
between normal and symptomatic patients.13,18 Pressure
gradients have been reported to vary with position and
hydration,8,18 as well as the degree of collateralization.23
Symptomatic NCS has been documented with pressure
gradients as low as 2 mm Hg.8 Conversely, resolution of
hematuria has been reported with no change in pressure
gradients on postoperative studies despite initial gradients
over 3 mmHg. Taken alone, radiographic evidence of LRV
compression is not sufficient to prompt invasive treatment,
as imaging criteria do not necessarily correlate with symp-
tomatology. In our series, those patients managed nonop-
eratively with relatively mild symptoms had similar pressure
gradients to those patients managed operatively with more
severe symptoms. Correlation of radiologic compression of
the LRV with clinical symptoms still remains challenging.
In patients with gross hematuria, cystoscopy is indispens-
able in ruling out other causes and localizing the source of
hematuria to the left ureteric orifice. However, it may be
normal and noncontributory in patients with intermittent
or no hematuria. Radiographic studies are needed to con-
firm LRV compression, however further treatment should
 B
 D
en in a 30-year-old female patient with left flank pain of
V) (arrow) secondary to extrinsic compression by the
h showing the abnormal, thickened LRV. Intraoperative
g.C, Intraluminal view showing the stenotic segment of
mbus removed by end-venectomy. D, The completed
noplasty, and caudal transposition.bdom
(LR
ograp
mH
throbe guided by patient symptoms (Fig 5).
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hypertension. Most operative or endovascular procedures
are performed for severe hematuria and/or debilitating
flank pain. In our series, patients presenting with classic,
severe, symptoms obtained relief after surgical intervention.
Those with more mild or atypical symptoms were ade-
quately treated with medical/pain management methods.
Scultetus recommended intervention for pelvic congestion
syndrome secondary to LRV hypertension with good relief
of symptoms, however, their patients had hematuria and
left flank pain in addition to pelvic symptoms.24 In our
experience, however, the three patients with varicocele
managed operatively had resolution of their flank pain
following LRV transposition, but the varicocele recurred in
two. In spite of radiologic evidence of LRV compression,
patients presenting with varicocele alone should undergo
traditional treatments for the varicocele in the form of
gonadal vein coil occlusion or local ligation. Others have
reported successful alleviation of symptoms of pelvic con-
gestion following gonadal vein coiling.25,26
In patients who have fibrolymphatic tissue as the etiol-
ogy of LRV compression, excision of this tissue may pro-
vide relief.27 Anterior nephropexy has been used success-
fully in patients with posterior ptosis.7,28 Other open
operative procedures reported include transposition of the
SMA,12,29,30 external stenting of the LRV using ringed
polytetrafluoroethylene (PTFE),8,24 and placement of a
Table II. Treatment outcomes in 23 patients with
Nutcracker Syndrome
Surgical
management
(n  11)
Conservative
management
(n  12)
Mean follow-up (mo) 70 (11-149) 26 (0.2-59)
Outcomea
Excellent 7 8
Good 3 2
Poor 1 2
Flank pain 10 4
Resolved 6 2b
Improved 3 1
Unchanged 1 1
Hematuria 7 5
Resolved 7c 3
Unchanged 0 2d
Varicocele/pelvic varicosities 3 6
Resolved 1 1
Recurred 2 0
Unchanged 0 5
aExcellent Outcome: Complete resolution of symptoms.
Good Outcome: Significant improvement in symptoms.
Poor Outcome: No improvement/worsening of symptoms.
bOne patient underwent LRV stenting and ultimately left nephrectomy
elsewhere.
cTwo patients with intermittent hematuria limited to the early postoperative
period; one patient with post-traumatic hematuria. All were asymptomatic in
the long term.
dOne patient with renal biopsy showing thin basement membrane disease;
repeat cystoscopy showed bilateral ureteric hemorrhage.wedge of Dacron graft to increase the meso-aortic angle.27SMA transposition incurs the added risks of bowel ischemia
and has been reported only rarely. Both the external stent
and the wedge have the potential to cause kinking of the
SMA in thin patients and risks possible erosion of the
Dacron graft into the bowel.
Since the basic pathology responsible for NCS is com-
pression of the LRV, direct procedures on the LRV are
likely to be most efficacious with least risk to other struc-
tures. These include LRV transposition and autotransplan-
tation. Transposition of the LRV into the distal IVC for
treatment of NCS was first suggested by Stewart,13 and has
since been employed by others with satisfactory results.14
In 2005, Hartung reviewed open surgical procedures for
NCS and reported excellent results in 35 of 42 patients.
Seventeen of 18 patients undergoing LRV transposition
were asymptomatic with recurrent hematuria in one pa-
tient.31 In our series, results were similar with good or
excellent results in 10/11 patients. Hematuria was relieved
immediately/early in all patients following LRV transposi-
tion, while relief from flank pain was immediate in eight
patients and gradual in two. Trauma-related hematuria in
the late postoperative period in one patient with extensive
venous collaterals was transient. It was likely caused by
persistent communication between the renal venous chan-
nels and the calyceal system from long-standing venous
hypertension. This was described clinically in one instance
by Hohenfellnerl,14 and histologically in three cases of
essential hematuria by MacMohan.32 In a more recent
review, Ahmed described 57 patients with NCS and con-
cluded that LRV transposition and autotransplantation
were associated with the best results.33 LRV transposition is
definitely more appealing than renal autotransplantation,
which is potentially a more complete procedure and would
correct concomitant posterior ptosis.11 It involves a much
more extensive dissection, longer period of renal ischemia,
and two additional anastomoses (renal artery and ureter)
with their attendant risk of complications. In patients who
have compression of a retro-aortic LRV or in those with
chronic LRV thrombosis, anterior transposition alone may
not be sufficient, and an interposition graft or implantation
of the gonadal vein to the IVC may also be required.34 In
our series, the 2 patients with evidence of chronic LRV
occlusion developed recurrent thrombosis following LRV
transposition. Clearly other alternatives in the form of
stenting or bypass would be preferable in this setting.
In recent years, isolated cases of LRV balloon angio-
plasty and stenting have been reported by several authors
with satisfactory early results.9,10,29,30,35 The first endovas-
cular stent placement for the treatment of the NCS was
described in 1996, with 37 total cases in the literature thus
far.9,10,24,29-31,36-38 Zhang compared the outcomes of 2
patients treated with LRV transposition and 3 with SMA
transposition to that of 15 patients treated with endovas-
cular stent placement.38 One patient suffered a stent em-
bolization to the right atrium requiring exploratory thora-
cotomy for retrieval. The study showed comparable
resolution of flank pain, hematuria, and proteinuria after
follow-up ranging from 6 months to 6 years. Hartung,
geme
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relief in only two of five patients.31 Ahmed also reviewed
results of endovascular treatment and found fibromuscu-
lar hyperplasia and occlusion a potential problem.33
With advancing technology, this minimally invasive ap-
proach may become the treatment of choice. In our
series, one patient who developed postoperative LRV
thrombosis was successfully treated with LRV stenting.
This stent has remained patent for a period of 13 months
with adjunctive anticoagulation and antiplatelet therapy.
We have not performed primary endovascular treatment
Fig 4. A,Retrograde venography in a 32-year-old male
left renal vein (LRV) is partially compressed by the superi
pressure difference of 5 mm Hg was recorded. No coll
kidney.B,Retrograde venography in a 40-year-old femal
The LRV is compressed by the SMA. A LRV/IVC press
collaterals were seen around the compressed region. This
remaining asymptomatic for 5 years postoperatively.
Fig 5. Manain this patient group. However, the long-term fate ofstents in these young patients with the potential associ-
ated complications of fibromuscular stenosis, thrombo-
sis, embolization, and erosion still remains to be evalu-
ated. Until such time, based on our long-term results as
well as those reported in the literature, we recommend
LRV transposition for the treatment of NCS. Careful
evaluation of clinical symptoms and thorough investiga-
tion of radiologic evidence of LRV compression is advis-
able before recommending surgical/endovascular inter-
vention to obtain the best long-term outcomes. Appro-
priately selecting patients for invasive treatment remains a
t with left flank pain and gross hematuria for 1 year. The
senteric artery (SMA). A LRV/inferior vena cava (IVC)
s were seen between the point of compression and the
ent with left flank pain and gross hematuria for 6months.
ifference of 4 mm Hg was recorded. Extensive draining
nt had recurrent hematuria following flank trauma after
nt algorithm.patien
or me
ateral
e pati
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patiechallenge.
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Dr Jateen Prema (Chicago, Ill). You report a relatively rich
experience managing a problem rarely seen in most institutions
including our own. I do have a few questions about your manage-You noted that the radiologic criteria were used to identify these
patients initially with nutcracker syndrome, yet there seems to be
considerable overlap in both groups of patients. It seems unclear to
me how you selected patients for operative intervention given that
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February 2009394 Reed et althere was also some overlap in the presenting symptoms of patients,
namely flank pain and hematuria. Can you clarify your algorithm for
choosing operative candidates in these groups of patients.
Second, in regards to two patients with renal vein thrombosis
noted at the timeof surgery, is there any other adjunctive imaging that
could have helped you identify these patients earlier and maybe have
led you down a different treatment algorithm, namely endovascular.
And third and finally, there are reports of endovascular manage-
ment of this problem with some success as you allude to in your
manuscript. You present a successful open experience. Do you see a
potential shift in themanagement of this syndromewith endovascular
techniques in the future, as you have demonstrated at your institution
with the management of May Thurner syndrome as an analogy?
Dr Reed. All excellent questions. Thank you. To address the
overlap between the patients managed conservatively and those
managed surgically, I think it is very important to note that
treatment decisions cannot be made solely based on radiologic
evidence of nutcracker syndrome. All patients in this series had
radiologic evidence of nutcracker syndrome, but the severity of
symptoms differed in the two groups. The patients we took to
surgery had very debilitating symptoms of flank pain and/or
hematuria that had been going on for quite some time. When
possible, we also pursued other confirmatory studies including
cystoscopy to isolate hematuria to the left ureter in those patients
with gross hematuria. Patients managed conservatively presented
with milder and/or atypical symptoms.
To answer your second question, both patients with left renal
vein thrombosis had undergone recent preoperative venography.
Only a high grade stenosis was seen, and the catheter had been
successfully passed into the left renal vein at the time of the study to
measure the renocaval pressure gradient. Nothing suggested the
presence of a chronic thrombus. Only in hindsight, when we
closely re-examined the CT scans and created further reformatted
views, were we able to see a suggestion of thrombus. Based on this
experience, we would recommend additional reconstruction with a
bypass or gonadal vein transposition rather than left renal vein
transposition in those patients with chronic left renal vein throm-
bosis. Renal vein stenting has not been reported in this situation
but could certainly be considered.
Finally, endovascular management for the nutcracker syn-
drome has been described in studies with small numbers of patients
and relatively short follow-up. Certainly concerns remain in these
young patients regarding the long-term outcome following stent-
ing including stent migration as well as thrombosis. We believe
further long-term follow-up data is needed before recommending
endovascular management as the primary treatment. It certainly
remains a consideration for the future.
Dr John Blebea (Philadelphia, Pa). When one talks about the
nutcracker syndrome, most commonly the reference is to extrinsic
duodenal obstruction by the SMA. This has been quantified both
in terms of the takeoff angle of the SMA from the aorta and the
distance between the SMA and the anterior lumbar spine. Have
you performed these measurements as objective quantitation of
compression by the SMA at the level of the left renal vein?
Dr Reed. Yes, you are exactly right. Those angles are impor-
tant. The CT scans were reviewed in all our patients and all had
confirmed radiologic evidence of the nutcracker syndrome with a
narrow aortomesenteric angle and compression of the left renal
vein. However, we did not specifically compare the SMA angle or
the distance between the SMA and anterior spine in this series.
Dr Blebea. I would recommend doing that because it appears
that you have the CT scans from which you can make those
measurements.
Secondly, would you like to hazard an explanation for the
cause of the symptoms in these patients? In your series, patients
were treated not because of the elevated duplex velocities but
because of their associated symptoms and hematuria. However,why is it that in these particular patients extrinsic compression of
the proximal portion of the left renal vein causes a problem? Under
other circumstances, such as trauma or in order to get proximal
control in juxtarenal aneurysms, we can with relative impunity
ligate and transect the main renal vein and patients do well with
outflow via the gonadal, adrenal and lumbar vein collaterals. Why
did these patients, with only partial albeit severe extrinsic compres-
sion of the main renal vein, become symptomatic?
Dr Reed. The short answer is that we do not know. This is a
very unique group of patients with debilitating symptoms from
renal venous hypertension secondary to extrinsic compression of
the left renal vein. Similar imaging findings can be seen in com-
pletely asymptomatic individuals. However, it is just not clear why
these patients develop symptoms and others with extrinsic com-
pression or ligation of the left renal vein do not.
DrManju Kalra. Dr Blebea, I think I will try and answer that
question. Some of the theories that have been put forward are that
these patients are different from regular trauma patients who do
not develop symptoms following renal vein ligation. Neither did
patients in whom we used to ligate the left renal vein during
abdominal aortic aneurysm repair. The difference is probably to do
with body habitus, the lack of retroperitoneal fat, and possibly
certain amount of ptosis of the kidney in patients with nutcracker
syndrome that contributes to the venous congestion as well.
Dr Karl Illig (Rochester, NY). Maybe this is a local pain
problem, maybe akin to median arcuate ligament syndrome.
I have never seen one of these inmy life until last Thursday, when
I had a classic patientwith an incredibleCT scan, andwhenpresenting
him in conference it turned out that one of our partners just saw
another. So I have got very concrete clinical interest in this right now.
My first question is whether we are really sure that this entity
actually exists as a categorical diagnosis? I buy your argument and
I am a believer, but not all patients in your series were operated on,
not all patients had big pressure gradients, and not all patients had
hematuria. Are we really sure we are defining this thing correctly?
Right now I think we are just defining it based on compression of
the renal vein by CT imaging plus pain. Has anybody ever looked
at CT scans in patients without this diagnosis with attention to the
renal vein?
Second, if we are going to stent these, should we use a nice
short balloon-expandable stent to powerfully blast this thing open
with good radial force or should we use a nice gentle little self-
expanding stent to provide more chronic remodelling? In other
words, what should I do in a few weeks when I stent this guy?
Dr Reed. Diagnosis is difficult and includes a combination of
factors. Imaging evidence of left renal vein compression by CT
scan, venogram, and a renocaval pressure gradient are all impor-
tant. “Classical” descriptions of symptoms are important as well.
Painmust be isolated to the left flank. If possible, hematuria should
be isolated to the left ureter by cystoscopy. A retrospective review
was conducted in children and found a large number of asymptom-
atic “normal” children with evidence of left renal vein compression
on imaging. This is why invasive intervention is not commonly
recommended in children even if they have some symptoms be-
cause these may resolve as they grow up to their full body size and
gain some weight. To my knowledge, the same type of study has
not been conducted in adults to determine how often radiologic
evidence of nutcracker syndrome is seen in asymptomatic individ-
uals. In adults, if you have radiologic evidence of left renal vein
compression, a significant renocaval pressure gradient, and classic,
severe symptoms of left-sided pain and hematuria which you can
localize to the left ureteric orifice, it is reasonable to intervene.
Dr Ruth Bush (Temple, Tex). What type of stent should you
use?
Dr Reed. Multiple different stents have been used in the
literature. There has not been a large study to validate the specific
type. However, I would recommend a self-expanding stent.
